Benzothiazole derivative (BD): [N-(3-(benzothiazol-2-yl) phenyl)-1H-pyrazole-3-carboxamide] was tested for excretion of total sterols of high-fat diet fed C57BL/6J mice in view of lipid metabolism. The results showed that BD as supplementation of high-fat diet significantly improved the output of cholesterol in comparison to HF alone. Relevant mRNA expressions of HMG-CoA-R, SREBP-2, LDL-R, CYP7A1 and PPARα were significantly altered in liver. These results suggest that BD could promote the excretion of total sterols and play a beneficial role in lipids metabolism for a high-fat fed mice.
INTRODUCTION
Hyperlipidemia is a dominant risk factor that contributes to the development and progression of atherosclerosis and subsequent cardiovascular disease, which is one of the most serious diseases for humans [1] [2] [3] [4] . The BD has proved to improve the plasma and hepatic lipid profile and blood glucose through upregulating SIRT1, FOXO1, PPARγ and PGC-1α genes [5] .
Inhibitors (statins) of HMG-CoA-R have been used to inhibit cholesterol synthesis [6] . SREBP-2 is mainly involved in regulating cholesterol biosynthesis [7] . LDL-R draws cholesterol out of the circulation to lower plasma cholesterol levels [8] . Cholesterol 7-α-hydroxylase (CYP7A1) is the rate-limiting enzyme in the synthesis of bile acid in the liver via the 'classic' pathway, producing 7-αhydroxycholesterol [9] . PPARα is a transcription factor that has been shown to up-regulate for the fatty acid beta oxidation mainly in the liver and heart [10] . Therefore, the current study on effect of BD on excretion of total sterols was made via regulation of relevant genes such as PPARα, HMG-CoA-R, CYP7A1, LDL-R, and SREBP-2. The experimental results would answer how BD could impact excretion of total sterols of fat-fed mice in view of relevant genetic regulations.
II. MATERIALS AND METHODS
A. Synthesis and the characterization of BD (Fig 1) refer to the paper [5] . 
B. Animals and diets
Male C57BL/6J mice were purchased from Vital River Laboratories (Beijing, China) and maintained under a light ℃ cycle (12 h light/dark), temperature (21~23 ) and humidity (40~60%) conditions. The mice were divided randomly into three groups (n=10). Thereafter, the control group was fed a standard diet and the experimental group of the mice was fed a diet that contains more sucrose and more solid lard ( Table  1 ). All experimental procedures were in accordance with the institutional guidelines for animal research. Feces were collected and subsequently lyophilized during the last 72 h of the experimental period. At the end of the experimental period of 12 weeks. the mice were anesthetized with ethyl ether and liver was quickly dissected out, immediately frozen in ℃ liquid nitrogen, and stored at -80 until RNA analysis later.
C. Analysis of fecal sterols
Feces were collected during the last 72 h of the experimental period. Fecal lipids were analyzed by GLC according to Batta et al. [11] . In brief, 75 mg of lyophilized feces were butylated by addition of 1ml n-butylalcohol and 0.1 ml 6 N HCl. Nor cholic acid and 5α-cholestane were added as internal. 
D. Real-time quantitative polymerase chain reaction
Total RNA was extracted from the tissue of individual animals, and reverse transcripted as described [12] and gene expression levels were measured by real-time quantitative PCR using the BIO-RAD IQ-Cycler. Levels of mRNA were normalized to GAPDH mRNA levels. The primers utilized for GAPDH, HMG-CoA, SREBP-2, LDL, CYP7A1 and PPARα and are listed in Table II .
III. RESULTS

A. Fecal sterols and bile acids
The total fecal sterol output-neutral and acidic sterols levels of all groups were investigated and shown in Table 3 .
B. Real-time PCR analysis
To investigate the effect of oral administration of BD on the hepatic gene expression correlated with cholesterol homoeostases, five major proteins and enzymes, HMG-CoA-R, SREBP-2, LDL-R, CYP7A1 and PPARα were considered by real-time PCR analysis (Fig. 3) . The result showed that BD could remarkably decrease the HMG-CoA-R (p<0.01) and SREBP-2 gene expression, whereas increased the CYP7A1 (p<0.01), LDL-R and PPARα gene expression.
IV. DISCUSSION
Our study showed that BD down-regulated HMG-CoA reductase, whereas BD had no effect on SREBP-2 expression at mRNA levels. In addition, BD up-regulated the CYP7A1, PPARα and LDL-R mRNA expression in a different degree. As a result, BD promoted the more output of faecal cholesterol and total bile acids concentrations than that of high-fat group alone via regulation of relevant genes by BD. 
ABBREVIATIONS
PPARα (peroxisome proliferator-activated receptor alpha); HMG-CoA-R (3-hydroxy-3-methylglutarylcoenzyme A reductase); CYP7A1(cholesterol-7αhydroxylase); LDL-R (low density lipoprotein receptor) and SREBP-2 (sterol regulatory element binding protein-2); GAPDH (glyceraldehyde 3-phosphate dehydrogenase) .
